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I. INTRODUCTION
In this paper, I assess the impact of sterilized intervention operations on the level of the nominal exchange rate in Colombia from September 2004 to April 2007. During most of this period, the Central Bank engaged in frequent-and at times sizable-discretionary purchases of foreign exchange, with the intended effect of depreciating the domestic currency. The paper focuses on two central questions: (1) How effective was Central Bank's intervention in stemming domestic currency appreciation in Colombia? (2) What constraints-if any-did the inflation-targeting regime pose on the Central Bank's ability to influence the currency?
Identifying the effectiveness of intervention, and the circumstances under which it can be a useful policy tool, are key questions for economic policy today. A decade after many emerging market countries battled currency crises, policymakers now face the challenge of adjusting to rapidly appreciating currencies. To protect the competitiveness of their tradable sectors, many central banks have tried to resist domestic currency appreciation by intervening strongly in currency markets, typically through the accumulation of international reserves.
2 At the same time, many of these same countries have adopted inflation-targeting regimes to anchor inflation expectations, most often using short-term interest rates as their main operating target. Thus, limiting currency appreciation-while at the same time controlling inflation-poses a policy dilemma for many emerging market countries (see IMF, 2007a IMF, , 2007b .
While an extensive literature exists on foreign exchange intervention for advanced economies, much less is known about its effectiveness as an independent policy tool in emerging markets. A major hurdle for doing research in emerging market economies has been the lack of official, high frequency data on central bank intervention operations (because of valuation changes, the magnitude of intervention operations cannot be inferred simply from changes in reserves). Moreover, it is often not possible to know, a priori, whether the authorities accumulate international reserves with the intent of affecting the exchange rate or for other reasons, such as self-insuring against external financial shocks. 3 In this study, I use a new data set that includes official statistics on daily foreign exchange intervention by the Central Bank of Colombia (Banco de la República, 2 Widespread central bank intervention seems to reflect the predominant view among policymakers that intervention is a useful policy tool to influence real exchange rates (Neely, 2007) . Indeed, according to a 2005 study of the Bank of International Settlements, 85 percent of those interviewed characterized their interventions as being effective most of the time (Mihaljek, 2005) . In this light, it often appears to be an attractive tool to respond to surges in capital inflows (see IMF, 2007c) . 3 Jeanne and Rancière (2006) and Aizenman and Lee (2007) analyze competing interpretations for the large increases in the hoarding of international reserves by developing countries. henceforth BdR). 4 A key advantage of the intervention data used in this study is that it accurately reflects discretionary purchases of dollars made with the explicit intention to depreciate the value of the domestic currency vis-à-vis the U.S. dollar. As constructed, this data set excludes changes in reserves for reasons other than-and not related toinfluencing the level of the exchange rate.
5 This allows for clean identification of the impact of central bank intervention on the exchange rate.
Besides the availability of a novel dataset, Colombia offers an ideal case to study the effects of central bank intervention in foreign exchange rate markets and derive policy lessons, for at least three reasons. First, Colombia has faced strong exchange rate appreciation pressures. Between December 2006 and May 2007, for example, Colombia ranked as the country with the highest nominal domestic currency appreciation in the world-both vis-à-vis the U.S. dollar and in nominal effective terms. Second, the period under study is punctuated by frequent, and at times large, discretionary purchases of foreign exchange to resist domestic currency appreciation. Figure 1 shows the two distinct episodes of discretionary intervention in the foreign exchange rate market analyzed in this study: the first period, spanning from September 2004 to March 2006, and a more recent period from January 2007 to April 2007.
6 During these periods of intervention, BdR activity took place on almost 70 percent of business days and the scale of official intervention was significant relative to the daily turnover in the market, reaching 50 percent on some days.
Colombia is also an interesting case study because the two periods of discretionary intervention considered here are associated with two very different stances of monetary policy. The first period was characterized by constant or falling interest rates and a loosening of monetary policy. The second discretionary intervention episode, in turn, was marked by a tightening of monetary policy and an increase in nominal interest rates to reduce inflationary pressures in an overheating economy (Figure 2 ). This provides an ideal setting to analyze the interplay between monetary policy and exchange rate policy decisions under inflation-targeting regimes. In particular, the Colombian case provides an opportunity to test the hypothesis that discretionary intervention to stem domestic currency appreciation is more effective when there is consistency between monetary and exchange rate policy goals. -March 2006 , BdR foreign currency purchases had a statistically significant, positive impact on the exchange rate level, i.e., intervention led to a more depreciated exchange rate. However, while discretionary intervention was successful in moderating the appreciation trend, the effect of BdR's foreign currency purchases on daily exchange rate movements was economically small and short-lived. As such, substantial amounts of sterilized intervention were required to have a quantitatively important impact on exchange rate dynamics.
During the second period (January-April 2007), however, BdR intervention did not influence the level of the exchange rate, even in the short term. In practice, intervention operations aimed at depreciating the currency were dwarfed by offsetting increases in domestic interest rates and the market's reaction to higher-than-expected inflation announcements-both of which tended to appreciate the currency. Thus, during this period, sterilized intervention did not provide an independent channel for monetary policy.
The results suggest that coherence between intervention policy and inflation objectives was a critical factor in determining the success of discretionary intervention. During the first intervention episode, no contradiction existed between monetary and exchange rate policies. Purchases of international reserves were made in the context of decreasing policy rates and an economy operating below potential capacity. Because macroeconomic objectives were well aligned, foreign currency purchases credibly signaled an easing of monetary policy and the BdR was able to stem appreciation pressures without undermining its ability to meet the inflation target.
During the second period, however, tension existed between monetary and exchange rate policy goals. The BdR was torn between a concern for price stability in an overheating economy, on the one hand, and concern over the rapid pace of appreciation of the exchange rate, on the other. The BdR sought simultaneously to maintain price stability by raising interest rates, and preserve competitiveness by resisting currency appreciation. Rising interest rate had the consequence of attracting more capital inflows, thereby exacerbating appreciation pressures. At the same time, resisting currency appreciation (which typically feeds into lower domestic prices of imported goods) worked at crosspurposes with the goal of containing inflation.
In this environment, markets perceived the BdR as pursuing two mutually inconsistentand ultimately unsustainable-goals. Using estimates on the domestic currency's response to unexpectedly high inflation announcements, I show that markets expected monetary policy to remain firmly committed to the goal of reducing inflation-even if that meant increasing interest rates and, thereby, undoing intervention efforts. Foreign investors, realizing that the central bank would eventually focus on taming inflation (and eventually let the exchange rate appreciate), took unprecedented amounts of leveraged bets against the central bank (and the dollar) in the derivatives market-thereby limiting the effectiveness of intervention. Paradoxically, then, the BdR's perceived strong commitment to inflation actually undermined its ability to influence the exchange rate.
These results have important implications for policy design. The Colombian case suggests that successful intervention to stem domestic currency appreciation may be particularly difficult for an inflation targeter at advanced stages of the business cycle. The commitment to an inflation target limits the scope for lowering interest rates, and low upward exchange rate flexibility provides incentives for carry trade and leveraged bets on the currency through derivatives markets. Thus, while a government committed to reducing the value of its currency has, in theory, a large supply of "ammunition" (i.e., printing money to buy reserves), the inflation objective can in practice become a binding constraint that puts a limit to the amount of foreign reserves that a central bank can accumulate.
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More generally, Colombia's experience provides useful policy lessons for other emerging markets facing the challenge of resisting domestic currency appreciation while at the same time controlling inflation. The analysis yields three key results. First, intervention can only be successful when there is no conflict between exchange rate and inflation objectives. In particular, central bank intervention to resist currency appreciation is likely to be effective when the economy is operating below full capacity and thus monetary easing is consistent with meeting the inflation target. 8 Second, the inflation-targeting regime imposes limits to the sterilization of reserve accumulation when monetary policy needs tightening. Third, when one-sided, protracted discretionary intervention is perceived as unsustainable, inflation targeting regimes may be vulnerable to speculative attacks against the central bank-but attacks that appreciate the currency.
II. LITERATURE REVIEW
A large body of economic literature explores the efficacy of sterilized intervention in developed economies. 9 The evidence suggests that sterilized intervention by industrialized countries has, at times, effectively influenced the value of currencies. 10 7 On the other hand, in the case of a defense of the value of the domestic currency, the cumulative amount of intervention is constrained by the stock of available reserves. However, these effects are typically small in economic terms. Collectively, the recent literature for advanced economies has shown that intervention systematically moves the spot exchange rate only if the intervention is announced publicly, coordinated across countries, and is consistent with the underlying stance of fiscal and monetary policy. Additionally, a number of papers have examined the influence of intervention operations on daily exchange rate volatility and generally find evidence that intervention increases volatility: that is, for the major currencies, evidence is weak that sterilized intervention dampens volatility.
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However, literature on the effectiveness of intervention in emerging market economies is still sparse, in large part, because governments are reluctant to provide official data on their operations. 12 The few papers that analyze central bank intervention at daily frequencies using official data find mixed results on its effectiveness.
13 Domac and Mendoza (2002) conclude, in the context of Mexico and Turkey in the period 2001-02, that central bank foreign exchange sales (but not purchases) had a statistically significant influence on the exchange rate in both countries. In contrast, Tapia and Tokman (2004) found that actual intervention appeared to have a generally insignificant effect on contemporaneous exchange rate movements. Guimarães and Karacadag (2004) find that in Mexico foreign exchange sales had a small impact on the exchange rate level, but official intervention does not appear to systematically affect exchange rate levels in Turkey.
14 With respect to the impact of intervention on exchange rate volatility, Domac and Mendoza (2002) find that intervention reduced exchange rate volatility in both countries. An opposite result was found in Guimarães and Karacadag (2004) , who find that intervention tends to increase exchange rate volatility. 15 11 Dominguez (2006) and Cashin, Edison and Liang (2006) found that intervention increases exchange rate volatility, in contrast with claims by central banks that intervention does not increase (or is not associated with an increase in) volatility (Neely, 2007) .
12 Canales-Kriljenko (2003) argues that foreign exchange intervention may be more effective in developing and transition economies than in industrialized countries. Given the lower degree of international substitutability of emerging market assets, and the large size of interventions relative to currency market turnover in these countries, foreign exchange intervention could-in principle-have a sizeable effect on exchange rates. 13 Disyatat and Galati (2007) provide a review of the existing literature on the effectiveness of intervention in emerging market countries. BIS (2005) contains descriptive case studies for a large number of emerging economies.
14 Guimaraes and Karacadag (2004) use a different sample period for Mexico (1996 Mexico ( to 2003 and Turkey (2001 Turkey ( to 2003 . For the case of Turkey, see also Ozge, Olcay, Ozlale and Sahinbeyoglu (2005) . 15 Recent cross-country empirical evidence, using monthly changes in gross reserves as a proxy for intervention operations, suggests intervention is unlikely to be effective in dealing with capital flows. Using a sample of emerging markets and small advanced countries, IMF (2007a) finds that resisting nominal exchange rate appreciation through sterilized intervention is likely to be ineffective when capital flows are persistent. Looking at the experience of five managed-float countries (India, Indonesia, Korea, the Philippines, and Thailand) over the period 2000 -2007 , IMF (2007b finds limited evidence of systematic (continued) Empirical evidence for Mexico, Turkey and Chile, however, cannot be easily generalized to other emerging markets. First, given policy objectives, the finding that intervention has no impact on the spot exchange rate must be interpreted with caution. For example, the bulk of intervention undertaken in Mexico was aimed at accumulating reserves, rather than influencing the level of the exchange rate. Moreover, the mechanisms used in Mexico and Turkey for intervention (auctioning put and call foreign exchange options and pre-announced foreign exchange sale auctions, respectively), are very different from the ways developing countries today intervene (usually in the spot market on a discretionary basis). Finally, in Chile, the intervention strategy mostly relied on public announcements of potential (i.e., oral), as opposed to actual, interventions.
The papers closest to this study are by Gersl and Holub (2006) and Disyatat and Galati (2007) , which both analyze the role of direct foreign exchange interventions in the Czech Republic since 1998. Gersl and Holub also discuss the consistency of the interventions with the inflation-targeting framework. Disyatat and Galati (2007) find no or only a very small (cumulative) impact of intervention on the spot exchange rate. Gersl and Holub (2006) also find some evidence that the intervention had a statistically significant, but short-lived and economically-unimportant, impact on the koruna's exchange rate.
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III. INTERVENTION AND MONETARY POLICIES: A TALE OF TWO PERIODS
The BdR adopted an inflation-targeting scheme with a floating exchange rate in October 1999, using the overnight repo interest rate as the main instrument of monetary policy.
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Despite adopting a flexible exchange rate regime, the BdR did not commit to totally forsake intervention in the foreign exchange market; rather, the BdR explicitly reserved the right to intervene to build-up the level of international reserves or to prevent excessive volatility in the foreign exchange market. Unlike most other central banks, BdR followed a rules-based intervention mechanism based on auctioning foreign currency links between exchange rates and intervention. The authors also find mild evidence that intervention may be associated with lower exchange rate volatility.
options. The rules, timing, and magnitude of these interventions were largely predetermined and known by market participants.
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On September 17, 2004, facing an escalating appreciation of the peso, the BdR announced its decision to introduce direct and discretionary foreign exchange intervention operations in the spot market. The announcement indicated that the BdR would buy up to US$1,000 million in international reserves until the end of the year. By supplementing its rules-based intervention strategy with the possibility of doing it discretionally, the Central Bank board was clearly stating its purpose to diminish the peso's appreciation, which had reached 13.3 percent in real terms between April 2003 and September 2004. 19 By December 22, 2004 the BdR upended its discretionary intervention strategy, announcing that direct foreign currency purchases would continue indefinitely, with no fixed amount or duration. Almost simultaneously, the BdR gave a clear signal to the market of a loosening in its monetary policy stance, by reducing its interest rates by 25 bps and closing its contraction REPO facilities. 2 2006-the first period of discretionary intervention-Colombian authorities intervened in the peso-dollar exchange rate market on 251 days, or approximately 70 percent of the total trading days. The average size of daily foreign currency purchases was almost US$30 million, approximately 5 percent of total market turnover. The amounts purchased varied considerably, however, with the largest intervention exceeding 40 percent of daily volume traded in the market. During this period, the BdR carried out intervention on several successive business days, with the longest intervention spell reaching 36 days. Sources: Author's calculations based on data provided by the Banco de la República. 30, 2007) , the frequency of BdR activity in the market was lower (60 percent of business days), but the amount of intervention was on average larger-especially when compared to the total activity in the foreign exchange rate market (see Table 1 above). During the first four months of 2007, the BdR accumulated US$4.5 billion by actively intervening in the market.
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In contrast with the first discretionary intervention episode, BdR's dollar purchases during 2007 occurred against a backdrop of tightening monetary policy. Since April 2006 the BdR Board had started to raise interest rates progressively in a bid to slow bank lending and curb inflationary pressures. By January 2007 it had accumulated increases amounting to 175 basis points, and continued to raise interest rates throughout the period of discretionary intervention. These rate increases led to a considerable upward shift in interest rate differentials with the U.S., which widened from 125 bps at the end of April 2006 to 325 bps at the end of April 2007.
During the period under study, official discretionary intervention operations were conducted exclusively in the spot market, and the BdR did not intervene in the foreign exchange forward market nor did it conduct off-market foreign exchange operations.
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Interventions were automatically sterilized to achieve the desired level of the operating target of monetary policy, the short-term interest rate. Daily intervention operations were not publicly announced, nor did the BdR officially confirm or deny reports in the financial press or wire services regarding its presence in the foreign exchange market. Moreover, the BdR did not make explicit the rules for discretionary intervention, and there was no pre-announced target level for the exchange rate.
IV. EMPIRICAL STRATEGY
Assessing the effectiveness of intervention is complicated by two empirical challenges. First, it is not possible to observe the counterfactual-i.e., what the exchange rate movement would have been if intervention had not occurred, in days when the authorities did in fact intervene. 25 Second, disentangling the causal effect of intervention on exchange rates is further complicated by the fact that the decision (and extent) of intervention may be endogenous to past exchange rate movements. That is, a central bank is more likely to buy foreign currency when the domestic currency has been strengthening. Failing to account for the two-way causality between exchange rate changes and intervention is likely to bias the analysis toward finding that the latter has no impact on exchange rates.
To overcome this identification problem, I use a two-stage instrumental variable model based on estimates of the BdR's reaction function. 26 For each period of discretionary intervention, I estimate a foreign exchange intervention function for the amount of intervention. I then use the predicted values from the first stage as an instrument for actual interventions in a reduced-form model of exchange rate returns. The model allows for GARCH effects in the conditional variance.
27
In the first-stage, foreign exchange intervention policy is described as a dynamic censored regression (Tobit) model of the following form: Imbens, 2004 , for a recent survey). However, in the case of the exchange rate intervention literature, the problem is compounded by the lack of a consensus model on exchange rate determination to estimate the counterfactual.
and by the percentage deviation of the exchange rate from 'target'. 28 This enables to test if the BdR systematically "leaned against the wind" and/or attempted to counter short-term exchange rate trends. In addition, the model controls for the possibility that official announcements of inflation data can influence the decision to intervene. NewsInf is the "news" contained in the announcement-the difference between the actual announced level of monthly inflation and the market's expectation of that announcement. 29 Finally, because interventions usually come in clusters, we include the lagged dependent variable as a regressor to account for persistence effects.
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In the second stage, we estimate a GARCH (1,1) model of the peso-dollar exchange rate return with the following general specification: is the instrumented level of BdR intervention in the foreign exchange market, as explained above; ( )
is the 28 The order of the moving average representation has varied across studies. In the case of Colombia, I set it to a 20-day moving average, which is the trigger used in operations with options under the rules-based intervention scheme.
29 Market expectation is measured as the median forecast of the monthly inflation value culled from opinion surveys conducted by Bloomberg News Service. The surveys are taken very close to the time of the announcement, and ask about expectations of the change in domestic CPI over the previous month.
30 Edison (1993) and Almekinders (1995) survey empirical work on the determinants of intervention. 31 The nominal exchange rate data is provided by the BdR and corresponds to the value-weighted average of all foreign exchange rate transactions in the spot market throughout the day (officially known as TRM, or Tasa Representativa de Mercado). The daily returns for the peso/dollar exchange is calculated as the difference in the logarithm of the exchange rate of two consecutive business days. Table A1 in Appendix I reports various descriptive statistics on the unconditional distribution of exchange rate returns. All the series appear to have non-normal distributions, with significant linear and non-linear serial correlations, especially during the first period. Thus, I follow Baillie and Bollerslev (1989) and Dominguez (1998) β , the parameter of interest, will be positive and statistically significant.
The estimation controls for financial developments affecting short term exchange rate movements. The interest differential aims to capture the possible impact of monetary policy actions and local money market conditions on the exchange rate. This is especially important during the first period, when the Central Bank was easing monetary policy.
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Yield spreads on sovereign external debt are included as a measure of country risk and foreign investor sentiment, which are potential key determinants of demand for local 32 This is measured in first differences to achieve stationarity. 33 During the discretionary intervention episodes, the intervention rule was triggered twice: on December 20, 2004 and on March 30, 2007. The empirical model above accounts for the impact of these automatic interventions in assessing the effects of discretionary intervention.
34 Given the reduced-form nature of the estimation, the framework can only identify the average response of exchange rate returns to intervention operations. It does not, however, identify a structural relationship or the channels through which intervention may affect exchange rates.
currency. I also account for the possible influence of surprises in inflation announcements, that may arrive on the same day on which intervention is carried out. Table 2 reports the results on the determinants of foreign exchange intervention activity.
V. SUMMARY OF RESULTS
Central bank reaction function
Results for the first period of intervention are consistent with the hypothesis that the BdR attempted to "lean against the wind," i.e., to smooth the speed of adjustment of the exchange rate and thus avoid large appreciations on a given day. The coefficient for the reaction on the short-term change in the spot exchange rate has the right sign and is statistically significant, suggesting that between 2004 and 2006, the BdR reacted systematically to previous-day exchange rate changes in deciding the amount to intervene. The estimate of 2 γ implies that, on average, a 1 percent appreciation of the exchange rate was met by a central bank purchase of US$14 million the following day (see Table 2 ). At the same time, results shown in the first column of Table 2 suggest that another motivation for BdR's intervention was to slow or reverse the trend of appreciation during this period. The point estimates imply that in response to a 1 percent deviation of the exchange rate below target, the BdR was inclined to purchase on average US$13 million during the first period.
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The results for the second period of intervention, however, suggest that Colombian authorities did not appear to intervene in response to an acceleration of peso appreciation, that is, to smooth out exchange rate fluctuations. Indeed, the value for 2 γ in the second column of Table 2 has the expected sign but is estimated very imprecisely. Rather, results indicate that a key motivation for discretionary interventions during the second period was a desire to correct the deviation of the exchange rate from its (moving) target value. The point estimate for 3 γ implies that in response to a 1 percent negative deviation of the exchange rate with respect to target, the BdR would purchase on average US$54 million during 2007 to slow appreciation. These intervention efforts to guide the exchange rate toward a target value were more pronounced than during the first period of intervention. 36 Since the motivation for BdR intervention was not announced, the policy criteria of 'leaning against the wind' and 'reverse the trend of appreciation' are only indicative of actual policy intentions. However, the negative estimated coefficients on 2 γ and 3 γ conforms to our priors and those of market participants, as well as unofficial BdR statements. (1) in the text. The dependent variable is the amount of dollars purchased by the Central Bank (in millions) in the domestic foreign exchange market to influence the value of the home currency. Estimated coefficients are the marginal effects of a unit change in the explanatory variables, evaluated at sample means. Robust standard errors are reported in parentheses. The model includes a constant, not shown. Asterisks denote significance of coefficients, with ***, ** and * indicating significance at the 1%, 5% and 10% level, respectively.
During the second period, foreign exchange interventions became more highly correlated over time. In particular, the results suggest that once intervention was carried out one day, another intervention of a similar magnitude (and in the same direction) was likely to take place the following day. 37 This observation provides important insights into the muted impact of the BdR's activity in the foreign exchange: as intervention became more predictable, its ability to surprise the market diminished. In effect, market participants may have been better able to anticipate the BdR's operations, especially considering the high frequency of intervention and that all interventions were carried out in the same direction.
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Effects on exchange rates
The estimates in Table 3 suggest that intervention during the first discretionary period had a moderately sizable effect on the exchange rate, and in the direction intended by the authorities.
39 40 The coefficient for the effect of contemporaneous intervention (0.78) is statistically significant, and implies that a US$ 30 million (sterilized) purchase (the average daily amount of intervention within this period) depreciated the value of the domestic currency by approximately 0.23 percent. 41 That is, the intervention required to contemporaneously move the nominal exchange rate by 1 percent on a given day represented approximately 2 percent of the country's reserve money. Importantly, and given that during this period central bank operations were kept secret and were unannounced, the results suggest that transparency in central bank intervention policy was not a necessary condition for intervention to be effective.
The results in the second column of Table 3 also suggest that sterilized intervention operations had no statistically significant contemporaneous effect on exchange rate returns during the second episode of discretionary intervention. 42 Instead, the results of the model points to the theoretically sensible finding that high and increasing interest rate differentials, positive domestic inflation surprises and improvements in sovereign creditworthiness (as represented by decreases in the EMBI spread) were key factors driving the appreciation of the peso during this period. The fit of the exchange rate model (R-square of 0.42) is significantly higher than in previous studies, indicating a high explanatory power for exchange rate changes during this period. 38 The model seems to capture only a small fraction of the variance of the intervention variable as suggested by the R-square statistic, in particular during the first period. This may suggest that other variables not captured in the model-such as political factors-were also important. See Vargas (2005) for a discussion of political economy issues related to intervention. 40 Maximum likelihood estimation was carried out using the Berndt-Hall-Hall-Hausmann algorithm using Eviews 5.1 package. In all cases, the skewness and kurtosis of the standardized regression residuals indicate that the assumption of conditional normality in equation (2) does not hold. Therefore, robust standard errors using the method described in Bollerslev and Wooldridge (1992) were reported. 41 The appreciation of the Colombian peso in 2005 was fairly moderate and less acute than the corresponding appreciation that took place in other countries in the region such as Brazil and Chile. (3)- (5) in the text. The dependent variable is the daily rate of change of the nominal exchange rate, in percent. The coefficient on the intervention variables measures the pecentage change in the exchange rate for a US$ 100 million in foreign currency purchases. Asterisks denote significance of coefficients, with ***, ** and * indicating significance at the 1%, 5% and 10% level, respectively.
Diagnostics
Exchange rates appear to have been responsive to announcements on economic news during both periods. Two results stand out. First, news on inflation announcements had a significant impact on exchange rate dynamics, suggesting that fundamentals also drive the exchange rate at higher frequencies. 43 Second, the effect of these announcements was exactly the opposite across periods (Table 3) . During the first period of intervention, higher-than-expected inflation was on average associated with a depreciation of the peso. During 2007, however, the sign on the unexpected inflation variable was negative and statistically significant, indicating that higher-than-expected inflation resulted in a strong currency appreciation (a reduction in the nominal exchange rate) the subsequent day. The point estimate is economically important: for example, if announced inflation was 1 percentage point above expectations during the second period, the estimated effect was an appreciation of the peso of almost half a percent the next day. The results thus indicate that during the second period, "bad news" about inflation-inflation higher than expected-was "good news" for the nominal exchange rate (that is, the exchange rate appreciated following this news).
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The stark differences across periods in the high frequency response of exchange rates to inflation surprises, provides new insights into the effectiveness of central bank intervention. During the first period of discretionary intervention, the Colombian economy was recovering from a recession and output gap was on average negative ( Figure 3 ). As such, market participants did not seem to price in that unexpectedly high inflation announcements would prompt monetary policy tightening. 45 During the second period of discretionary intervention, however, the economy was overheating and headline inflation was significantly above the 3.5-4.5 percent target range for end-2007 (see Figure 4) . Thus, the fact that the peso consistently and significantly appreciated in response to unexpectedly high inflation suggests that markets apparently believed that the BdR would react to such news by increasing interest rates.
46 Consistent with the notion that exchange rates are forward looking asset prices that react to changes in the market's expectation of future fundamentals, the prospect of an increase in domestic interest rates made Colombian assets more attractive, inducing an immediate dollar depreciation (peso appreciation) to equilibrate the asset market. This market reaction provides insight into the reasons why intervention was ultimately not effective in 2007: markets expected that monetary policy would remain committed to the goal of reducing inflation, even if that meant increasing interest rates and-by encouraging more capital inflows-undoing intervention efforts. 44 Results for the second period of intervention are consistent with the recent findings by Clarida and Waldman (2007) , who look at the reaction of nominal exchange rates to inflation surprises using intra-daily data across 10 countries. The authors show that if a central bank has an inflation target that it implements via a Taylor rule, an unexpectedly high inflation announcement leads to a stronger domestic currency. 45 Consistent with market expectations, repo rates were reduced by an additional 50 basis points during 2005 (see Figure 2) . 46 During the first discretionary intervention episode, 75 percent of the monthly announcements of inflation were higher than what the market was expecting. The average value of these positive inflation surprises was 0.25 percent. During the second intervention episode, however, all four inflation announcements between January 15 and April 30, 2007 were above market expectations and the average value of the inflation surprises was five times higher than during the first period (1.3 percent). Also of interest is how central bank intervention affects exchange rate volatility. Volatility often reflects, among other things, uncertainty in economic policies and other fundamental determinants of exchange rates, which the market may be struggling to price accurately. As indicated by Domínguez (1998), central bank intervention is expected to reduce volatility as long as intervention is both credible and unambiguous. The results of Table 4 are consistent with this hypothesis. During the first period, BdR intervention had a stabilizing effect on the exchange rate. Controlling for other factors affecting short-term exchange rate volatility, the results indicate that BdR's discretionary intervention had the un-intended consequence of dampening the volatility of exchange rate returns. 47 This empirical finding is noteworthy, given that the smoothing effect of intervention on exchange rate volatility is at odds with most of the intervention literature for developing economies. In contrast, during the second period, official discretionary intervention had no discernible impact on exchange rate volatility.
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In Table 5 , I capture the dynamics of the short-term effects of intervention on the level of exchange rates by including the contemporaneous value of intervention and its four lags. Results indicate that the first day of official intervention was the most effective in moving the exchange rate in the desired direction, while the positive effects in successive days were statistically insignificant. That is, there is no evidence that the dynamic effect of intervention was greater than its contemporaneous impact. Rather, estimates suggest a strong mean reversion in exchange rate returns after an intervention operation: almost 40 percent of the contemporaneous effect was reversed in two days. This meant that significant amounts of foreign currency purchases were required to have a quantitatively important impact on the nominal exchange rate. During the second intervention episode, however, BdR's intervention was ineffective in influencing exchange rates at any horizon-confirming the results found above. (3)- (5) in the text. The dependent variable is the daily rate of change of the nominal exchange rate, in percent. The coefficient on the intervention variable measures the pecentage change in the exchange rate for a US$ 100 million in foreign currency purchases. Asterisks denote significance of coefficients, with ***, ** and * indicating significance at the 1%, 5% and 10% level, respectively. (3)- (5) in the text, augmented with four lags of the instrumented indicator of central bank intervention as regressors. The estimated model also includes a constant, interest rate differential, EMBI spread, dummies for days-of-the-week effect and a dummy for automatic FX intervention (which are not shown). Asterisks denote significance of coefficients, with ***, ** and * indicating significance at the 1%, 5% and 10% level, respectively.
Diagnostics
In Appendix II, I report on a number of sensitivity tests that probe the central results regarding the treatment for endogeneity and the possibility that the "surprise" element of BdR's interventions (rather than its predicted component) had a significant effect on exchange rates during the second period. The results of such tests are virtually identical to those reported above, and yield the same inferences regarding the effectiveness of discretionary intervention across periods.
VI. POTENTIAL POLICY LESSONS
A. Limits to Intervention Imposed by the Inflation Targeting Regime
The coherence between the intervention policy and inflation objectives was a critical factor underlying the effectiveness of discretionary intervention during the first period. Purchases of international reserves were made in the context of a negative output gap and decreasing inflation rates. For this reason, inflation expectations were not adversely affected by the intervention in the foreign exchange market, and the BdR achieved the inflation targets with remarkable precision (see Figure 4) . Because macroeconomic objectives were well aligned, foreign currency purchases credibly signaled an easing of monetary policy-even if intervention operations were not publicly announced. In this way, foreign currency intervention and monetary policy maintained target consistency, which helped increase both the effectiveness of intervention and the credibility of inflation targets ( Figure 5 ). Inflation 8.0% 6.0% 5.0%-6.0% 4.5%-5.5% 4.0%-5.0% 3.5%-4.5% 3.5%-4.5% Target:
Source: Banco de la República.
percentage of respondents who believe that the inflation target would be attained at year-end During the second period, however, monetary and exchange rate policy objectives conflicted and intervention was ineffective. To stem the appreciation of the peso, the BdR intervened aggressively, while it was at the same time steadily increasing interest rates to cope with inflation pressures. Predictable rate increases, in turn, attracted more capital inflows, exacerbating appreciation pressures. Moreover, monetary and exchange rate policies worked at cross-purposes: resisting currency appreciation blunted the passthrough channel that would have provided welcome help in offsetting higher international food prices.
In this environment, markets perceived that the policy of large-scale foreign currency purchases was unsustainable and inconsistent with meeting the BdR's inflation target, which may have contributed to inflation expectations being above the inflation target ceiling (see Figure 4) . 51 Foreign investors, trusting that the Central Bank would eventually focus on taming inflation (and eventually let the exchange rate appreciate), took unprecedented amounts of short dollar positions at short maturities in the on-shore forward market (Figure 6) . 52 The turnover value in peso forwards bought by off-shores to local banks increased more than three times between end-2006 to its peak in March 2007. The size and speed of execution of this leveraged market positions substantially reduced the ability of the central bank to influence exchange rate market conditions by buying international reserves. 
B. The Role of Derivatives Markets in Blunting Central Bank Intervention
Colombia's experience also highlights the practical limits to sterilization of reserve accumulation when the macroeconomic cycle calls for tightening monetary policy. With the BdR undertaking large-scale intervention in the first months of 2007, the BdR quickly reduced its stock of treasury bills and, by mid-march 2007, was soon close to a position where it would no longer be a net creditor to the financial system (Figure 7) . A net creditor position is regarded as more desirable for reasons of monetary control: in practice, a central bank is better positioned to move short-term interest rates to its desired level if the monetary authority is a net lender of liquidity to the financial sector. Thus, investors knew that if the BdR became a net debtor of the banking system, this would greatly weaken its ability to conduct monetary policy, other things remaining equal. Under this net debtor scenario, the authorities would be forced to discontinue intervening and the exchange rate would appreciate on impact. Predicting that sterilization efforts would become unsustainable, offshore entities speculated heavily on a real exchange rate appreciation by building-up large longpositions in pesos through the onshore forward market (see Figure 6 above). 54 Due to prudential reasons and/or risk aversion, domestic banks giving the bid to foreign speculators balanced their short peso position by taking off-setting contracts (real o synthetic) with other counterparties. Yet, since the banking system as a whole attempted to do the same, the ultimate counterparty was the BdR, as it was the only market participant willing to take the long U.S. dollar risk.
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Quite clearly, the sudden burst of derivatives trading that occurred on March 30, 2007 (see the third in Figure 8 ) led to large-scale purchases of foreign currency by the BdR and a massive injection of liquidity. 56 This "tipped-over" the Central Bank into a net debtor position, making it more difficult to control inter-bank rates.
57 This is evident in the behavior of policy and inter-bank interest rates in Figure 7 . While the average inter-bank rate tracked very closely the reference rate until the end of March 2007, the relationship weakened after that. Indeed, the massive injection of liquidity due to foreign currency purchases became fully apparent in the money market since the beginning of April, as the inter-bank interest rate drifted below and away from the BdR's lending rate. This stifled the primary transmission channel of monetary policy and layed the groundwork for the demise of intervention efforts a month later.
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These developments suggest that inflation-targeting regimes may indeed be vulnerable to speculative attack-but one that appreciates the currency. One of the major advantages of inflation targeting, it is often claimed, is that this monetary framework is immune to such attacks. The logic is that a run on reserves can be averted because the central bank can simply let the exchange rate go (depreciate). However, in the case where the authorities need to tighten monetary policy to meet its inflation objectives, they will also need to allow the exchange rate to "go"-but in this case, allow it to appreciate. If not, as 55 Lall (1997) describes a theoretical model that resembles the experience of Colombia but in reverse, where forward markets are the main channel used by speculators to mount a speculative attack against the domestic currency in a fixed exchange rate regime. 56 That day, off-shore entities bought the equivalent of almost US$ 600 million in pesos forward, seven times the daily average in the previous six months. This attack against the dollar which was ultimately met by BdR's foreign currency purchases in the spot market of US$740 million, or 7 percent of the monetary base (in a single day). 57 The possibility that large scale foreign currency purchases could eventually turn the BdR from a net provider of short-term liquidity to being a net borrower vis-à-vis the financial sector was correctly anticipated in Vargas (2005) . 58 To preserve the control of monetary conditions, the BdR opened its own deposit facility on April 2, 2007 to mop up the excess liquidity from the financial system. Finding it increasingly difficult, however, to offset their massive purchases, the authorities decided to stop intervening on April 30, 2007. While in theory the BdR could have found additional ways of regaining control of the inter-bank rate (e.g., a special allotment of treasury bills or issuance of its own long-term bond), in practice, these were not conceived as options by monetary authorities. Since May 2007, BdR's involvement in the foreign exchange market has been limited to controlling exchange rate volatility through the options mechanism. the case of Colombia demonstrates, the currency will be open to speculative attacks-in this case, against the dollar.
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The Colombian experience demonstrates two noteworthy characteristics concerning this "speculative attack" that may be instructive for other emerging market countries.
60 First, such attacks may occur in the derivatives market rather than in the spot market, as speculators leverage massive bets on appreciation of the peso. 61 With financial systems in emerging markets growing in depth and sophistication, inconsistencies in monetary policy objectives are eventually arbitraged in the derivatives markets, thereby limiting the effectiveness of intervention. Secondly, the ability of authorities to resist the attack is not determined by the level of reserves, as in the first-generation crisis models (indeed, they accumulate international reserves). Rather, what can occur is a run is on the central bank's net creditor position vis-à-vis the financial system.
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In summary, the Colombian experience shows that large, persistent and one-sided central bank foreign exchange purchases that that go against the perception of the majority of market has little possibility of success. In such circumstances, intervention can actually lead to greater financial instability, as investors engage in one-way bets against the central bank in the expectation of a high return once the official resistance to the exchange rate adjustment is overpowered. 59 Kumhof, Li and Yang (2007) analyze a small open economy model under inflation targeting, and show that an inflation-targeting regime can be also vulnerable to speculative attacks. In their model, however, the central bank intervenes to avert a currency depreciation and the attack depletes central bank's reserves. 60 These special features set them apart from traditional first-generation currency crisis models (Krugman, 1979) . 61 It is important to note that the strength of such a "speculative attack" depends on how attractive the country is as a destination for carry trade vis-à-vis other emerging market countries at that point in time. In the case of Colombia in 2007, conditions were very favorable for such inflows, with correspondingly large effects. 62 Much of the literature emphasizes that the high quasi-fiscal costs of intervention is what ultimately limits sterilization efforts. In Calvo (1991) and Calvo, Leiderman and Reinhart (1993) , for example, it is argued that resisting currency appreciation keeps domestic money market interest rates high, attracting more inflows and thus continuously increasing the need for sterilization. Eventually, the cost of sterilization rises to unsustainable levels and must be abandoned. 
VII. CONCLUSIONS
How effective is central bank intervention in influencing the nominal exchange rate in emerging markets? While an extensive literature exists on this subject for advanced economies-with mixed results-much less is known about foreign exchange intervention effectiveness as an independent policy tool in emerging markets. This paper adds to this literature by examining Colombia's experience with central bank foreign exchange intervention between 2004 and 2007. During most of this period, the BdR engaged in large-scale, discretionary purchases of foreign exchange to resist appreciation of the domestic currency, making it an interesting case study for assessing the efficacy of such efforts.
Our results suggest that the effectiveness of BdR intervention was substantially different across the two periods of discretionary intervention. During the first period of unannounced discretionary intervention (September 2004-March 2006), we find statistically significant evidence that intervention affected the level of the exchange rate in the intended direction. Moreover, foreign exchange intervention moderated the appreciation of the peso vis-à-vis the U.S. dollar without undermining the BdR's ability to meet the inflation target. Thus, Colombia's experience between 2004 and 2006 indicates that an inflation-targeting regime can be credible and effective even though the exchange rate regime is not an entirely clean float.
The Colombia experience in the first half of 2007, however, illustrates the limits of intervention as an independent policy instrument. During the second period of discretionary intervention, there was no detectable impact on exchange rate markets, as intervention was ineffective in moving the exchange rate in the desired direction. During this period, the BdR was torn between a concern for price stability, on the one hand, and concern over the rapid pace of appreciation of the exchange rate, on the other. In this environment, markets perceived the BdR as pursuing two mutually inconsistent goals. The ineffectiveness and inconsistency of intervention, thus, became mutually reinforcing. I show that in this case, central bank intervention can be destabilizing, by causing traders to speculate against the central bank (i.e., increasing leveraged long peso positions in derivative markets).
In summary, this study provides strong support for the proposition that intervention cannot systematically influence the level of the exchange rate when intervention creates a conflict with other goals of monetary policy that the public perceives as overriding. Paradoxically, the BdR's perceived strong commitment to inflation actually undermined its ability to influence the exchange rate: the market most likely believed the BdR would never subordinate its inflation objective to concerns about the exchange rate. In this context, derivative markets appear to have played an important role in exploiting any inconsistencies in the objectives of monetary policy, blunting the effectiveness of intervention during the latter period.
Additional research on the effects of intervention would be useful. Better data availability (especially at daily frequencies) and continued research into the motives, strategies, and channels for conducting foreign exchange market operations intervention in emerging markets countries could help provide more guidance on the appropriateness and effectiveness of intervention strategies. (3)- (5) , modified to account for the timing in exchange rate quotes as discussed in Section VI in the text. Explanatory variables are lagged one period because exchange rates are quoted at the beginning of the trading day, while intervention is as of the end of the business day, and interest rate and differential and EMBI spread are calculated as averages within the day. The coefficient on the intervention variable measures the pecentage change in the exchange rate for a US$ 100 million in foreign currency purchases. Asterisks denote significance of coefficients, with ***, ** and * indicating significance at the 1%, 5% and 10% level, respectively.
APPENDIX I
Diagnostics
Unexpected Intervention
By using the fitted values from the reaction function as instruments, the analysis up to this point has tested whether the systematic (i.e., expected) component of foreign exchange intervention could affect exchange rates. However, it is possible that the "surprise" element of intervention (rather than its expected component) has a significant effect on exchange rates.
To test this hypothesis, I try two alternative specifications. First, I decompose the actual amount of intervention into an expected component and unexpected one, the latter given by the residual term in the Tobit model used in the first stage. I then include both measures of intervention in the exchange rate equation (3) described in Section IV. The results in Table  A .3 show that, in line with the benchmark results, the effects of the predictable component of discretionary intervention is significant during the first period, but has no significant measurable impact during the second period. The unexpected amount of intervention, on the other hand, seems to have a consistently perverse effect in both periods: higher unexpected intervention actually led to a contemporaneous appreciation of the currency. The coefficient on the intervention variable measures the pecentage change in the exchange rate for a US$ 100 million in foreign currency purchases. Asterisks denote significance of coefficients, with ***, ** and * indicating significance at the 1%, 5% and 10% level, respectively.
Diagnostics
An alternative way to measure the effect of unexpected intervention is to test whether central bank intervention was more effective on days when monetary authorities were perceived as least likely to have intervened. To implement this second specification, I first estimate a Probit model for the decision to intervene using a dummy variable that takes the value of 1 in days when the central bank intervened, and 0 otherwise. As explanatory variables, I use the same determinants as in the benchmark model. Using the fitted values of the discrete choice models as a measure of the ex-ante likelihood of central bank's presence in the market, I define days with a predicted probability below 0.5 as days with a low likelihood of intervention. 66 I then include in the baseline model a multiplicative term capturing the interaction between the instrumented level of intervention and a dummy indicating days in which the BdR was less likely to have intervened. Results in Table A .4 indicate that the effects of BdR intervention were not significantly different in days with low perceived likelihood of central bank intervention. (3)-(5) , augmented to account for the interaction between the predicted amount of intervention and the ex-ante probability of central bank's presence in the foreign exchange market. The dummy variable takes the value of 1 in those days when the predicted probability of intervention was less than 0. 5. The coefficient on the intervention variable measures the pecentage change in the exchange rate for a US$ 100 million in foreign currency purchases. Asterisks denote significance of coefficients, with ***, ** and * indicating significance at the 1%, 5% and 10% level, respectively. Diagnostics
